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57 ABSTRACT 
An ultrasonic transducer using a piezoelectric compos 
ite in which a plurality of piezoelectric poles are ar 
ranged in matrix maintaining a gap and a polymer is 
charged into the gap. The piezoelectric poles are ar 
ranged maintaining a pitch which is shorter than a 
wavelength of a sound wave at a fundamental reso 
nance frequency of the transducer in a medium. Further 
the pitch may be changed in a direction in which the 
piezoelectric poles are arranged, in order to restrain the 
grating lobe from generating. 

4,518,889 5/1985 

7 Claims, 11 Drawing Figures 
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ULTRASONIC TRANSDUCER USENG 
PIEZOELECTRC COMPOSITE 

BACKGROUND OF THE INVENTION 

The present invention relates to an ultrasonic trans 
ducer employed for ultrasonic diagnosis systems. 
Ceramics of the type of zirconium lead titanate (PZT) 

have heretofore been much used as materials for piezo 
electric vibrators in ultrasonic transducers. However, 
these piezoelectric ceramics (i) have acoustic imped 
ances that are much greater than that of a human body, 
and require contrivance in regard to acoustic matching 
layer when they are to be used for diagnosing purposes, 
(ii) have exremely large dielectric constants and, hence, 
small piezoelectric voltage constants g, making it diffi 
cult to obtain a high voltage when ultrasonic waves are 
received, and (iii) are not adapted to be curved so as to 
fit to the shape of a human body. In order to solve these 
problems, there has been proposed a so-called piezo 
electric composite consisting of a combination of a 
polymer and a piezoelectric material. As an example, 
there has been reported by Newnham et al. of U.S.A. 
that a composite material consisting of a polymer in 
which is buried a PZT pole is effective (Materials Re 
search Bulletin, Vol. 13, pp. 525-536, 1978). There has, 
in practice, been obtained a composite material which 
consists of PZT and a polymer such as silicone rubber, 
epoxy resin, or the like, and which exhibits a small 
acoustic impedance and a large piezoelectric voltage 
constant g. 
When the ultrasonic waves are to be transmitted and 

detected using such a piezoelectric composite, it is de 
sired that the polymer and portions of the piezoelectric 
poles undergo uniform displacement. Generally, how 
ever, the polymer is considerably softer than the piezo 
electric poles. In practice, it has been clarified that the 
piezoelectric poles undergo displacement more greatly 
than the polymer portion. When the ultrasonic waves 
are to be transmitted, therefore, there develops acoustic 
noise, i.e., a so-called grating lobe. The grating lobe 
consists of undesirable ultrasonic waves other than main 
ultrasonic waves, the grating lobe being emitted in the 
directions determined by a pitch of piezoelectric pole 
arrangement to deteriorate the ultrasonic image. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an 
ultrasonic transducer using a piezoelectric composite 
which has excellent performance developing a small 
grating lobe. 
A feature of the invention resides in that the sum of 

the width of piezoelectric poles constituting the piezo 
electric composite and of the width of polymer portions 
filling the gaps, is set to be smaller than one wavelength, 
in order to reduce the grating lobe. 
Study has heretofore been conducted extensively 

concerning the grating lobe of an electron scanning 
type transducer in which are arrayed a plurality of 
transducer elements, and it has been found that the gap 
among the elements should be shorter than one wave 
length. 
The inventors have discovered the fact that even in a 

transducer employing a piezoelectric composite, the 
grating lobe stems from the cutting like the case of the 
electron scanning-type transducer. The inventors there 
fore have furthered the study and have found that the 
grating lobe can be restrained even with the piezoelec 
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2 
tric composite if the gap among the elements is set to be 
shorter than one wavelength. 
Another feature of the present invention resides in 

that at least one of the width of the piezoelectric poles 
and the gap among the piezoelectric poles is changed in 
a direction in which the piezoelectric poles are ar 
ranged. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing a piezoelectric 
composite employed in an embodiment of the present 
invention; 
FIGS. 2A, 2B and 2C are perspective views showing 

the steps for producing the piezoelectric composite of 
FIG. 1; 
FIG. 3 is a sectional view of the embodiment of the 

present invention; 
FIG. 4 is a perspective view illustrating a method of 

measuring the directivity according to the embodiment; 
FIG. 5 is a diagram of characteristics showing direc 

tivities according to the embodiment; 
FIGS. 6 and 7 are perspective views showing further 

embodiments according to the present invention; and 
FIGS. 8 and 9 are diagrams showing characteristics 

of the embodiment of FIG. 7. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shows construction of a piezoelectric compos 
ite with which the present invention is concerned. Pi 
ezoelectric poles 101 polarized in the lengthwise direc 
tion are arranged in the form of a matrix, and the space 
among them is filled with a polymer 102. The piezoelec 
tric poles 101 may be composed of a PZTPb(TiZr)O3) 
ceramic or a lead titanate (PbTiO3) ceramic. The poly 
mer 102 may be a silicone rubber, a polyurethane, or an 
epoxy resin. 
A method of producing the piezoelectric composite is 

shown in FIGS. 2A to 2C. A plate-like piezoelectric 
member 201 shown in FIG. 2A is temporarily adhered 
to a bedplate 203 with an adhesive (wax) 202 that soft 
ens upon heating. The piezoelectric member is then cut 
into the form of a matrix as shown in FIG. 2B to form 
piezoelectric poles 205 with many cutting grooves 204. 
Then, a polymer 206 is charged and cured in the cutting 
grooves as shown in FIG. 2C, and is peeled off from the 
bedplate, thereby to obtain a composite that is shown in 
FIG. I. 
FIG. 3 is a sectional view of an ultrasonic transducer 

300 according to an embodiment of the present inven 
tion. 
A piezoelectric composite plate 301 obtained by cir 

cularly cutting the piezoelectric composite of FIG. 1, is 
shaped in a concave manner, and electrodes 305, 306 
composed of a Cr-Aulayer or a like layer are formed on 
the upper and lower surfaces thereof. A backing mem 
ber composed of an epoxy resin is formed on the convex 
side. Lead wires 307, 308 are connected to the elec 
trodes 305,306, respectively. Transducers of the above 
mentioned construction are prepared but having differ 
ent sums of the pitch P of piezoelectric pole 302, i.e., 
width of the piezoelectric pole 302 and the width of 
polymer portion 303 on the surface where the electrode 
305 is formed. Directivities of the transducers are mea 
sured. 

FIG. 4 shows a measuring method. The transducer 
300 is immersed in water and is so secured that its center 
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axis 319 is in agreement with the Z-axis. Measurement is 
taken by placing a tiny reflector on an X-Y plane that is 
perpendicular to the Z-axis. The plane of observation is 
distant from a central point 316 on the surface of the 
transducer 300 by a distance 317 that is equal to a focal 
distance of the transducer. The X-axis and Y-axis are in 
agreement with the directions in which the piezoelec 
tric poles 302 are arranged in the piezoelectric compos 
ite of the transducer 300. If the reflector is moved along 
a line 315 which is tilted by an angle 6 relative to the 
Y-axis to observe the change in the echo amplitude, the 
directivity can be measured and the grating lobe can be 
observed in addition to the main beam. The level of the 
grating lobe becomes a maximum when the line 315 
comes into agreement with the X-axis or the Y-axis. 
Therefore, if the distribution is measured along the 
X-axis or the Y-axis, the level of the grating lobe can be 
easily evaluated. 

FIG. 5 shows the results of the measurement same as 
the above-mentioned measurement but performed by 
computer simulation, wherein the ordinate represents 
the relative echo amplitude and the abscissa represents 
the displacement of the reflector. Curves 401, 402, 403 
and 404 represent the cases where the pitch P for ar 
ranging the piezoelectric poles (i.e., the sum of the 
width of piezoelectric poles 303 and the width of poly 
mer portion 304) is 1.6 wavelengths, 1.5 wavelengths, 
1.2 wavelengths, and 1 wavelength. In this case, the 
wavelength is that of a sonic wave of a fundamental 
resonance frequency of the transducer in a wave propa 
gating medium (water in this embodiment). The funda 
mental resonance frequency is generally determined by 
the thickness of the piezoelectric vibrator. When the 
pitch P for arranging the piezoelectric poles is greater 
than 1.2 wavelengths, there develop grating lobes of 
high sound-pressure levels as represented by curves 
401, 402 and 403 in FIG. 5. When the pitch P is equal to 
one wavelength, however, the sound-pressure level of 
the grating lobe is smaller than -70 dB relative to the 
main beam. When the pitch P is shorter than one wave 
length, the grating lobe is too small to appear on the 
graph of FIG. 5. 
From the above results, it can be understood that the 

transducer in which the piezoelectric poles are arranged 
in the piezoelectric composite maintaining a pitch of 
smaller than one wavelength, exhibits a small grating 
lobe and excellent directivity. This also holds true for a 
transducer such as plane transducer having a transmit 
ting/receiving plane different from that of the above 
mentioned embodiment. 
FIG. 6 shows a step for producing a piezoelectric 

composite used for another embodiment which restrains 
the grating lobe from generating. In this embodiment, 
the distance among the cutting grooves is not main 
tained constant but is varied at the time of cutting a 
piezoelectric plate on a cutting bedplate 603. Therefore, 
piezoelectric poles 605, 606, 607 have different widths 
as denoted by W1, W2, W3 in FIG. 6. A polymer is 
charged into the grooves formed by the cutting, and is 
removed from the bedplate 603 to obtain a piezoelectric 
composite, in order to produce a transducer like the one 
shown in FIG. 3. Measurement of the directivity re 
vealed that the sound-pressure level of grating lobe 
could be considerably reduced compared with that of 
the piezoelectric composite in which were arranged 
piezoelectric poles having an equal width. For instance, 
with the transducer employing a piezoelectric compos 
ite composed of PZT ceramic having a piezoelectric 
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4 
pole height of 0.4 mm, width of 0.1 to 0.3 mm and an 
average width of 0.2 mm, the polymer portion having a 
width of 0.2 mm among the piezoelectric poles, the 
acoustic noise level inclusive of the level of grating lobe 
could be reduced to smaller than -50 dB in terms of 
total sensitivity of transmitting and receiving with re 
spect to the central main beam. The sensitivity for the 
main beam was nearly the same when compared with 
the transducer employing a piezoelectric composite in 
which were arranged piezoelectric poles of the same 
shape having a width of 0.2 mm. 
FIG. 7 shows a further embodiment according to the 

present invention. In the embodiment of FIG. 6, the 
width W of the piezoelectric poles was successively 
changed in a direction in which they are arranged. In 
the embodiment of FIG. 7, however, use is made of 
piezoelectric poles 701 composed of the PZT ceramic 
having the same width W, and the distance among the 
piezoelectric poles is successively changed in the direc 
tion in which they are arranged as denoted by d1,d2, d3. 
The translucer employing such a piezoelectric compos 
ite also exhibits a small grating lobe level and excellent 
directivity. 

FIG. 8 shows the change of thickness dilatational 
electro-mechanical coupling factor of the piezoelectric 
composite of FIG. 7 when the ratio W/h of the width 
W to the heighth of piezoelectric poles is changed. The 
volume ratio VPZT of piezoelectric poles maintained at 
0.25 for the whole piezoelectric composite. When the 
ratio W/h ranges from 0.45 to 0.65, the thickness dilata 
tional electro-mechanical coupling factor Kt becomes 
particularly large, i.e., larger than 0.7, exceeding that of 
the conventional piezoelectric composite materials. 
FIG. 9 shows the change of electro-mechanical cou 

pling factor Kt when the volume ratio VPZT of piezo 
electric poles is changed while maintaining the ratio 
W/h at 0.5. When the volume ratio VPZT ranges from 
0.2 to 0.35, the electro-mechanical coupling factor Kt 
becomes greater than 0.7. 
The same results are also obtained from the piezo 

electric composite of FIG. 1 in which the piezoelectric 
poles are arranged maintaining an equal pitch. It will 
therefore be obvious that a particularly large electro 
mechanical coupling factor is obtained when the ratio 
of width to height of piezoelectric poles ranges from 
0.45 to 0.65 and when the volume ratio of piezoelectric 
poles ranges from 0.2 to 0.35. Namely, the present in 
vention makes it possible to obtain an ultrasonic trans 
ducer having high sensitivity. 
We claim: 
1. An ultrasonic transducer using a piezoelectric com 

posite comprising: 
a piezoelectric composite consisting of a plurality of 

piezoelectric poles arranged maintaining a gap rela 
tive to each other, and a polymer charged into the 
gaps; and 

electrodes formed on the upper and lower surfaces of 
said piezoelectric composite; 

wherein each pitch defined by the sum of the width of 
one of said piezoelectric poles and the width of said 
gap is smaller than a wavelength that is determined 
by a fundamental resonance frequency of the trans 
ducer and the speed of sound in a wave propagat 
ing medium. 

2. An ultrasonic transducer using a piezoelectric com 
posite according to claim 1, wherein at least one of the 
width of said piezoelectric poles and the width of said 
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gaps is changed in a direction in which said piezoelec 
tric poles are arranged. 

3. An ultrasonic transducer using a piezoelectric com 
posite comprising: 

a piezoelectric composite consisting of a plurality of 
piezoelectric poles arranged maintaining a gap 
relative to each other, and a polymer charged into 
the gaps; and 

electrodes formed on the upper and lower surfaces of 
said piezoelectric composite; 

wherein at least either one of the width of said piezo 
electric poles and the width of said gaps is succes 
sively changed in a direction in which said piezo 
electric poles are arranged so that in the direction 
in which said piezoelectric poles are arranged one 
of the widths of each two adjacent piezoelectric 
poles spaced by a gap and the widths of each two 
adjacent gaps spaced by a piezoelectric pole are 
different. 
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6 
4. An ultrasonic transducer using a piezoelectric com 

posite according to claim 1, wherein the widths of said 
piezoelectric poles are successively changed in a direc 
tion in which said piezoelectric poles are arranged, and 
the widths of said gaps are equal to one another. 

5. An ultrasonic transducer using a piezoelectric com 
posite according to claim 1, wherein the widths of said 
gaps are successively changed in a direction in which 
said piezoelectric poles are arranged, and the widths of 
said piezoelectric poles are equal to one another. 

6. An ultrasonic transducer using a piezoelectric com 
posite according to claim 3, wherein the widths of said 
piezoelectric poles are successively changed in a direc 
tion in which said piezoelectric poles are arranged, and 
the widths of said gaps are equal to one another. 

7. An ultrasonic transducer using a piezoelectric com 
posite according to claim 3, wherein the widths of said 
gaps are successively changed in a direction in which 
said piezoelectric poles are arranged, and the widths of 
said piezoelectric poles are equal to one another. 
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